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ABSTRACT 
 
HPLC Separation of Amines with a Zirconia-Based Column Coupled to a Gas-Phase 
Chemiluminescence Nitrogen Specific Detector (CLND). (May 2004) 
Silvia Adriana Salinas, B.S., Instituto Tecnologico y de Estudios Superiores de 
Monterrey; 
M.S., Texas A&M University 
Chair of Advisory Committee: Dr. Gyula Vigh 
 
Gas-phase chemiluminescence nitrogen specific detector (CLND) is used for the 
direct analysis of underivatized nitrogen-contai ing components such as alkylamines that 
cannot be detected by the so-called universal HPLC detector, the UV detector. 
However, alkali metal hydroxides cannot be used as mobile phase constituents 
with the CLND because they form non-volatile particulate combustion products that foul 
the detector. Therefore, trimethylsulfonium hydroxide (TMSOH) has been selected as a 
strong base for usewith the CLND, because its combustion products, CO2, H2O and 
SxOy, are volatile. An alkali-stable zirconia-b sed column was used and coupled to the 
CLND. Zirconia-based columns are mechanically and hydrolytically more stable than 
silica-based columns, which have a working pH range from 3 to 8 only. Zirconia-based 
columns can be used at a pH from 1 to 14 and can be used at temperatures up to 200C.  
The separation of amines was carried out at high pH values where the amino 
groups were deprotonated. Primary, secondary, tertiary and quaternary amines were 
separated using a pH=13.7 mobile phase that contained only TMSOH, methanol and 
 iv 
water. Good peak shapes were observed for all, except n-alkylamines and samples that 
contained both amino groups and alcohol groups. 
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CHAPTER I  
 
INTRODUCTION  
 
1.1 Fundamentals of HPLC 
 
High performance liquid chromatography (HPLC) is one of the most common 
separation techniques used. HPLC separates analytes by means of different interactions 
between the stationary and mobile phases. HPLC is divided into two main separation 
modes: reversed-phase HPLC (RP-HPLC) and normal-phase HPLC (NP-HPLC). In NP-
HPLC mode, the stationary phase is more polar than the mobile phase and in reversed 
phase, the stationary phase is more hydrophobic than the mobile phase. RP-HPLC is most 
commonly used because neutral samples as well as ionic samples can be separated.  
Some of the important parameters in HPLC are retention factor (k’), which 
indicates the retention of the analyte on the stationary phase with respect to the non-
retained component [1] and is calculated by the following equation 
   k’ = (tr-to) / to     (1) 
where tr is the retention time of the analyte and to is the column dead time, which 
corresponds to the elution time of the non-r tained component. 
____________________________ 
This dissertation uses the style and format of Journal of Chromatography A. 
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Plate number (N), is a measure of column quality or column performance [1] and is 
calculated using equation 2 
    N = 5.54(tr/W1/2)2    (2) 
where W1/2 is the width of the peak at half height. 
Another important parameter in this investigation is peak asymmetry factor (As). 
Peak asymmetry factor is used to determine whether a peak shape is symmetric or not. 
The peak asymmetry is measured at 10% of full peak height as shown in Figure 1 and the 
relationship used is shown in equation 3. 
   As = B/A     (3) 
 
  
A B 
 
  
 Figure 1. Determination of peak asymmetry.  
  
A peak asymmetry value lower than 1.5 indicates that the peak is symmetric.  
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Most of the RP-HPLC columns available are silica-based columns. The most 
common silica based columns used in RP-HPLC contain octyl (C8) and octadecyl (C18) 
groups bonded to silica. Even after derivatization, up to 30% of the silanol groups of 
silica remain unreacted [1]. These silanol groups are undesirable acidic sites and can be 
troublesome when bases are to be separated.   
However, the main disadvantage of silica-ba ed columns is its low chemical 
stability. At pH lower than 3 the siloxane linkages are attacked hydrolytically and the 
bonded phases are removed from the surface [1-5]. At pH higher than 8 the silica is 
dissolved [1-5]. Because of this, different metal oxides have been studied as stationary 
phases to replace silica. Some of these metal oxides are alumina [6-9], titanium [10- 1] 
and zirconia [10- 1]. Zirconia-based columns have been studied with favorable results. It 
has been found that zirconia-based columns are hydrochemically stable from pH 1 to 14 
and can be used up to 150ºC [12-29]. 
 
1.2 HPLC Using Zirconia-Based Columns 
 
Zirconia-based stationary phases are made of zirconium atoms with bonds to 
seven oxygen atoms [9]. This is what makes zirconia-based columns more stable than 
silica-based columns, where silicon is only bonded to four oxygen atoms [9]. At the 
surface of zirconia some of the zirconium-oxygen bonds are interrupted leaving some 
positive charges exposed, which act as hard Lewis acid sites [9]. Due to a high 
concentration f these Lewis sites that can interact with analytes, the zirconia surface has 
been covered with polymers to try to eliminate interaction between analytes and the 
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Lewis acid sites on the stationary phase. Different zirconia-based columns are 
commercially available, such as anion exchange, cation exchange, normal phase, mixed 
mode ion ligand exchange and reversed-phase columns [9]. The coated polymer on the 
zirconia surface used in this research is polybutadiene (PBD). Even when the zirconia 
surface has been modified with PBD, there are still some Lewis acid sites exposed. [30-
42]. 
It has been reported that hard Lewis bases such as hydroxide ion [9, 30-32], 
fluoride ion [30-31, 39], sulfonate ion [30-31] and acetate ion [30-31] interact with 
zirconia-based columns and have binding constants of 1014.3, 108.8, 103.7 and 103.35, 
respectively. Nitrate and chloride ions form weak complexes with zirconia [9,30-31] and 
they both have binding constants of 100.3. Even though carboxylate ion binds relatively 
weakly with zirconia, the complexation strength increases as the number of carboxylate 
groups increases per analyte. An example is the binding constant of acetate ion and 
zirconia, K=100.3 and the binding constant of oxalate ion and zirconia, K=109.8 [31].  
Due to the strong binding of fluoride ion and phosphate ion to zirconia, these hard 
Lewis bases have been used in mobile phases. This has been done because the ions 
compete for the Lewis acid sites of zirconia with the sample analytes, thus decreasing the 
interaction of the analytes with the surface and improving their peak shape [30-32, 37-
42]. In the present investigation hydroxide ion is used in the mobile phase with 
concentrations as high as 500 mM as replacement of fluoride and phosphate ions.  
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1.3 Detection of UV Transparent Nitrogen Containing Species 
 
UV absorbance detector is the most commonly used detector in HPLC, however, 
the analyte must have a chromophore group in its structure to be detected. UV transparent 
analytes have to be derivatized for their detect on by a UV absorbance or fluorescent 
detector. Amino acids and UV transparent amines are some of the species that have to be 
derivatized for UV absorption or fluorescent detection. Some of the most common 
derivatizing reagents used in UV absorbance  fluorescent detection are o-
phthaldialdehyde (OPA) [42-46], dansyl chloride [47-48], N-hydroxysuccinimidyl 
fluorescein-O-acetate (SIFA) [49-50], 1,2-naphthoquinone-4-sulfonate (NQS) [51], 
salicylaldehyde-5-sulfonate (SAS) [52- 3], 3,5-dinitrobenzoyl (DNB) [54], 2,4,6-
trinitrobenzenesulfonic acid [55], 5-furoylquinoline-3-carboxaldehyde (FQ) [56], 4-
chloro-7-nitrobenzofurazan [57] and phthalic anhydride [58].  
However, most derivatization methods have disadvantages, e.g., the product 
obtained after derivatization with SAS are not stable and decompose at high pH, the 
reaction takes up to 4.5 hrs [52-53] and the derivatizing reagent can react only with 
primary and secondary amines. NQS and DNB have been also used, however they can 
also react with primary and secondary amino groups and NQS is not stable at high pH. 
SIFA can only be reacted at high pH.  
 
1.4 Chemiluminescence 
 
Chemiluminescence (CL) is the emission of electromagnetic radiation as a result of 
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a chemical reaction [59-60]. CL is a dark field technique, without strong background 
light levels, which reduces the noise signal and leads to improved detection limits. The 
reaction involved in CL is almost invariably an oxidation reaction. CL is a fluorescence 
mechanism (spin allowed, radiative deactivation of the l west excited singlet state) from 
the electronically excited product of a chemical reaction. The radiative transition between 
excited and ground states of the same spin occurs in a time frame of 10-11 to 10-7 s after 
excitation, this process is called fluorescence.  The only difference between CL and 
fluorescence is that the latter is produced when light-emittin  molecules are 
electronically excited by the absorption of light while in CL no external light is 
employed.  
When excitation occurs, the molecule is transferred to an excited singlet state, 
vibrational relaxation carries the molecule to the lowest vibrational level of the lowest 
excited singlet state. Once the molecule is in its lowest excited singlet state, the molecule 
has to come down to its ground electronic state. However, only a fraction of the 
molecules formed in the lowest excited singlet state actually fluoresce. öCL is the 
quantum yield or fluorescence efficiency which value is usually a fraction but may be 
unity in some rare cases. 
öCL is the probability (rate constant) of fluorescence (Kf) and competitive 
processes (Kd) expressed as 
öCL = Kf / (Kf + Kd)     (3) 
the greater Kd, the lower the value of öCL. öCL determines the intensity of 
chemiluminescence observed as a result of a particular re ction. 
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Another important parameter in CL is ôCL, which is the lifetime of the lowest 
excited singlet state. ôCL and öCL are related by the following equation 
ôCL = öCL * ôN      (4) 
where ôN is the natural lifetime of the excited state which represents the lifetime 
the fluorescing molecule would have if fluorescence was the only pathway for 
deactivating the lowest excited singlet state. ôN is only a function of the molecular 
structure. 
The intensity of the CL (IC ) emission produced depends on the efficiency of 
generating molecules in the excited state. ICL i  related to the quantum yield or quantum 
efficiency and the rate of the reaction as shown below 
  
   ICL = öCL * -dA/dt     (5) 
 where ICL is the CL emission intensity (in photons/second) and -dA/ t is the rate at 
which the CL precursor of A is consumed. Most CL reactions used for analytical 
purposes have a öCL of 0.001 to 0.1, even smaller values can be used due to the almost 
complete absence of background light.  
 There are two general mechanisms of CL, direct and indirect CL. In the direct 
CL, two reagents (substrate and oxidant and sometimes a catalyst) react to form a product 
or an intermediate and a fraction of the product is formed in an electronically excited 
state that relaxes to ground state with emission of a photon. The substrate is usually the 
CL precursor and is converted into an electronically excited molecule, which is 
responsible for the emission of the photon. The catalyst reduces the activation energy and 
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provides the adequate environment for a high CL efficiency. In the indirect mechanism 
there is a transfer of energy from the excited molecule to a fluorophore. In this way, 
molecules that are unable to participate in a CL reaction become detectable. 
CL detection can be done in one of two phases, in liquid phase or in the gas 
phase. In liquid phase, two of the most commonly used CL reactions are luminol [61-64] 
and Ru(bipy)33+ [61, 65-68]. In these reactions however, the separation medium has to be 
compatible with the CL reaction, which may be difficult to achieve in some cases. In the 
CL reaction with luminol, an oxidizer, usually hydrogen peroxide is required for its 
oxidation and a transition metal ion complexing agent is added to form an excited state 
complex, which emits photons [61]. The analyte is detected when complexing with the 
transition metal ion thereby disrupting the formation of the chemiluminescencing 
complex, which causes a decrease in the emitted light intensity. Ru(bipy)33+ on the other 
hand, is used in an electrochemiluminescence reaction where the analyte participates in 
the redox reaction to create the chemiluminescent species [61]. 
The most common gas-phase CL reactions involve phosphorus [69-71], sulfur 
[72-74] and nitrogen [75-76]-containing species. The CL reactions of sulfur and nitrogen-
containing species are well known while the CL reaction of phosphorus-containing 
species is not yet completely understood. 
The sulfur-containing species is oxidized to form sulfur dioxide, which is then 
reduced with hydrogen to form sulfur monoxide, which is subsequently reacted with 
ozone to form sulfur dioxide in the excited state. This then relaxes to the ground state and 
emits photons. The nitrogen-containing species is oxidized to form nitrogen monoxide, 
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which is then reacted with ozone to form nitrogen dioxide in the excited state, which then 
decays by emission of a photon [72-74]. 
 
1.5 CLND Instrumentation 
 
CLND is a gas-phase chemiluminescene nitrogen specific detector. In this 
research, the CLND is coupled to a HPLC system; the effluent from the column is 
continuously introduced into a furnace held at 1050 C through a nebulizer that forms a 
plume of the sample and the mobile phase. Sample and mobile phase are oxidized in the 
furnace with a stream of oxygen and argon forming water, carbon dioxide and nitric 
oxide, following equation 6. 
CxHyNz + (x + ¼ y + ½ z) O2 ®     zNO + xCO2 + y/2 H2O  (6) 
The NO-containing reaction mixture is then transported through a drier membrane 
where water is removed, and directed to the reacion chamber. In the reaction chamber 
NO is reacted with ozone and the reactions shown below occur: 
NO + O3  ®  NO2* + O2   (7)  
   NO + O3    ® NO2 + O2   (8) 
   NO2*+ M        ® NO2 + M   (9) 
   NO2*       ® NO2 + hí   (10) 
 where M represents a colliding body. 
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CLND directly detects nitrogen-containing compounds even if they do not contain 
chromophores. This is an advantage that has not been utilized to the fullest. One of the 
advantages of the CLND over any other detector used in the separations area is the use of 
a universal calibration curve. 
A problem encountered with any CLND system however, is the use of buffers 
containing alkali metals and any buffer constituent with non-volat le c mbustion 
products. Buffer constituents with non-v latile combustion products are oxidized in the 
furnace and particles of non-volatile oxides are formed. These particles remain in the 
system fouling the detector. 
 
1.6 Reviewed Literature 
 
 Papers regarding the applications of the HPLC-CLND system include Fujinari 
and coworkers, that in 1992 introduced the CLND showing the direct detection of 
ammonium ion in water using ion chromatography [77,78]. In 1994, Fujinari and Manes 
demonstrated the separation and detection of underivatized peptides from casein 
hydrolysate and other hydrolysate-ba ed foods [79]. Amino acids, peptides and proteins 
have also been analyzed [80, 81], caffeine in different drinks [82] as well as aspartame 
and saccharin [83]. Red hot peppers have also been analyzed for capsaicin and 
dihydrocapsaicin, which are responsible for the hot flavors of peppers [84, 85], 
nucleotides, nucleosides [86] and isomers of aniline [87]. Fujinari pointed out that 
diatomic nitrogen or molecules that form it in their decomposition process uch as azides 
do not react with ozone, therefore can not be detected using the CLND. One of the 
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important aspects about this paper was that Fujinari introduced the CLND as an 
additional detector to complete the analysis of samples that contain both ni rogen 
containing species and nitrogen-free species [88]. Supercritical fluid chromatography 
coupled to a CLND was first introduced in 1996 by Shi et al. They found equimolar 
responses for different nitrogen-c ntaining species and a linear range of response of u  to 
three orders of magnitude [89, 90, 91]. In 1997, size-exclusion chromatography was 
successfully coupled to a CLND by Fujinari and coworkers and the CLND was also 
demonstrated as an additional detector required for the complete detection of complex 
mixtures [92, 93].  
In 1998, Taylor and coworkers introduced the CLND in addition to UV and MS 
(mass spectrometry) as a tool to help in the characterization of samples in combinatorial 
chemistry. It was mentioned by the authors that CLND has brought about the missing 
piece, quantification of parent ions and impurities, which is difficult to assess using 
ELSD (evaporative light scattering detector) since it has a different response for each 
analyte. The linear response of the CLND was equivalent for the compounds tested and 
response was independent of the mobile phase composition indicating that CLND is 
indeed a universal quantitative detector for nitrogen-co taining species [94, 95, 96]. Shah 
and coworkers have corroborated the CLND’s contribution to combinatorial chemistry. 
UV, MS and even ELSD are used for qualitative analysis while CLND as a means of 
estimating compound concentration. They corroborated the linear response of CLND for 
78 compounds [97]. 
Brannegan and coworkers studied ethoxyquin and its related bases in 2001 using 
the CLND [98]. The objective of their research was to evaluate the equimolarity, 
 12
linearity, linear range and limit of detection of the HPLC-CLND system. The 
equimolarity was observed, linearity was found to be of three orders of magnitude and 
the limit of detection they found was 25 pmol nitrogen [98]. In that same year, Lucy and 
coworkers, analyzed the detection of nitrate and nitrite ions using ion chromatography. It 
was stated that even though the bond dissociation energy of cyanide (891 kJ/mol) was 
very close to that of nitrogen gas (941.4 kJ/mol), cyanide does react with oxygen gas and 
produces NCO and radical O. The radical O reacts with NCO to yield CO and NO, which 
is then carried to the reaction chamber to react with ozone and be detected. The N-H 
bond dissociation energy in an amine is 393 kJ/mol [99]. Petritis and coworkers showed 
the separation and detection of underivatized amino acids using HPLC-CLND utilizing a 
mobile phase with perfluorinated carboxylic acid as theion-p iring agent. The amino 
acids were tested in serum, tobacco extract and wine using a single calibration curve. The 
limits of detection found were from 2.5 to 7.5 ìM [100]. 
Nussbaum and coworkers, in 2002, demonstrated that quantitation of components 
is difficult with a detector any other than CLND, as the response factors differ 
significantly from one sample to another. MS detectors are universal, but their response 
per unit weight depends on the ionization process. One of the samples tested by the 
authors is nifedipine and its derivative 4-(2’-nitrosophenyl)-pyridine. Both products have 
different UV responses at most wavelengths. However, CLND allows the determination 
of both compounds [101]. Petritis and coworkers compared the detecion of underivatized 
amino acids with the different detectors available such as ELSD, nuclear magnetic 
resonance spectrometer (NMR), conductivity detector, refractive index, UV, MS and 
CLND [102]. Their conclusion was that CLND is the only detector that allows 
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equimolarity for the amino acids detected [102]. The analysis of zwitterionic and cation 
surfactants was done by Harrison and coworkers in 2002 [103].  The analysis was done 
using a cyano-silica column and BaCl2 as a modifier instead of transparent alkylamines 
as is normally done, to prevent interaction of amines with the free silanol groups. The 
conclusion of their studies was that a linear range was observed even when the critical 
micellar concentration was exceeded [103]. 
 
1.7 Trimethylsulfonium hydroxide (TMSOH) 
 
TMSOH is a strong electrolyte [104-128] with volatile combustion products and 
has been used to set the pH in the mobile phase. In the present investigation, amines were 
separated at high pH for the deprotonation of their amino groups and increased retention 
without the help of ion-pairing reagents in reversed-phase chromatography. The only 
column commercially available that could stand such conditions was the zirconia-b ed 
column.  
The objective of this research was to demonstrate the detection of underivatized 
UV transparent amines using the CLND. UV transparent amines from primary to 
quaternary as well as some common drugs have been separated using the zirconia-based-
polybutadiene (PBD) column without an ion-p iring agent. 
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CHAPTER II  
 
EXPERIMENTAL  
 
2.1 HPLC Instrumentation 
 
All chromatographic experiments were carried out on a Series1100 HPLC system 
(Hewlett-Packard S.A., Wilmington, DE) equipped with an autosampler and a type 8060 
M gas-phase chemiluminescence nitrogen specific detector (CLND) (Antek, Houston, 
TX). The HPLC system was interfaced with a Hewlett Packard 35900E Interface to a 
Gateway 2000 P5-120 personal computer. All data collection was performed using 
Chemstation, version 4.21 software and the data was processed using CAESAR 
(Analytical Devices, Inc., San Francisco, CA) software.  
 
2.2 Gas-Phase Chemiluminescence Nitrogen Specific Detector (CLND) 
 
The CLND 8060 M is equipped with a nebulizer, a furnace with a temperature set 
at 1050°C for complete combustion of the analytes and the mobile phase, and a reaction 
chamber where the NO produced mixes with a stream of ozone. Ozone is formed by 
passing oxygen through an arc. The CLND is connected to a diaphragm vacuum pump 
(Vaccubrand, Wertheim, Germany). Oxygen is used for the combustion of analyte  and 
mobile phase components and argon is required as a diluting gas to inhibit 
chemiluminescence quenching due to excess oxygen colliding with NO2* [59-60]. The 
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total gas flow rate used was 330 ml/min composed of 280 ml/min of oxygen and 50 
ml/min of argon. A PMT tube is used for detection of the photons emitted by NO2* in the 
reaction chamber. The temperature of the PMT is set at 5°C. 
     
2.3 Capillary Electrophoresis (CE) Instrumentation 
 
 All electrophoresis work was done on a PACE 5510 (Beckman-Coulter, Fullerton, 
CA) capillary electrophoretic (CE) system. Its UV detector was set at 214 nm 
wavelength. The temperature used was 20C. The capillaries used in the CE experiments 
were 25 ìm I.D., 150 ìm O.D., untreated, fused silica capillaries (Polymicro 
Technologies, Phoenix, AZ). The polyimide coating was burned off at the capillary 
window for analyte detection as well as at both ends of the capillary to prevent analyte 
adsorption. The total length of the capillary was 46 cm and the length to the detector was 
39 cm. The potential applied varied from one experiment to another.  The PACE was 
interfaced to a PS2/52 (IBM) personal computer. All data collection was performed using 
Gold version 8.01 (Beckman) software and the data was processed using CAESAR 
(Analytical Devices) software.   
 
2.4 Ion-Exchange Chromatography (IEC) 
 
The anion exchange column was packed with a Dowex 21K resin (Dow Chemical 
Co., Midland, MI) with an average particle size of 580 ìm. The column had an exchange 
capacity of 4.9 moles of TMSI at a 5-fold excess. The total volume of the wet resin used 
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in the column was 19600 ml. The diameter of the anion exchange column was 28.5 cm 
and its length 60 cm. The flow rate used for the anion exchange column was 1.5 L/min 
[129]. A small column packed with 450 ml of Dowex 21K resin was used to exchange 
small traces of iodide present in the trimethylsulfonium hydroxide (TMSOH) solution at 
a flow rate of 80 mL/min. 
 
2.5 HPLC Conditions 
 
The column used in this research was a ZirChrom-PBD c lumn (ZirChrom, 
Minneapolis, MN), a zirconia-based column that had a polybutadiene (PBD) polymer 
coating on the zirconia surface. The I.D. of the column was 4.6 mm and its length 150 
mm. The average pore size of the zirconia packing was 300 Å and the particle diameter 
was 3 ìm. All measurements were made at a flow rate of 1 ml/min. The effluent was split 
before entering the CLND furnace: 250 µl/min went into the furnace and the rest to 
waste. The injection volume used was 1 µL. The column was jacketed to control the 
temperature of the column at 50.5°C except when mentioned otherwise, using a MGW 
LAUDA (Fisher, Pittsburgh, PA) water bath. The dead volume of the column was 
determined using urea in methanol. The lines connecting the column to the HPLC 
injector and splitter w re made out of PEEK tubing with an I.D. of 0.0025" and an O.D. 
of 1/16’’. 
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2.6 Materials 
 
HPLC grade methanol was obtained from EMD Chemicals Inc. (Gibbstown, NJ). 
The chemicals 1-aminoindan 99%, benzyltributylammonium chloride 98 %, 
benzyltriethylammonium chloride 99 %, benzyltrimethylammonium bromide 97 %, 1,4-
butanediol 99 %, n-butylbenzylamine 98 %, butyldimethylamine 99 %, 4-
chloramphetamine hydrochloride 98%, (2-(cyclohexylamino)ethanesulfonic acid 99 %, 
decyltrimethylammonium bromide 99 %, dibutylamine 99 %, dimethylhexylamine 98 %, 
ephedrine hydrochloride 99 %, ethylene glycol, halostachine (á-(methylaminomethyl)-
benzyl alcohol) 99 %, 2-heptylamine 99 %, iodobutane, methanephrine hydrochloride 99 
%, N-methylephedrine 98 %, methyliodide (MI), 1-(1-naphthyl)-ethylamine 98 %, 
norephedrine hydrochloride 99 %, octanesulfonate, sodium salt, octylamine 99 %, n-
pentylamine 99 %, 2-phenylglycinonitrile hydrochloride, pindolol 97 %, (S)-(-)-2-amino-
3-phenyl-1-propanol 98 %, propranolol hydrochloride 99%, tetraethylammonium 
bromide 99 %, tetraheptylammonium bromide 98 %, tetrahexylammonium bromide 99 
%, tetrapentylammonium bromide 99 %, tetrapropylammonium bromide 98 %, 
tributylamine 99 %, tripropylamine 98 %  and water HPLC grade were obtained from 
Aldrich Chemical Company (Milwaukee, WI). 
Diethylamine, dimethylamine, dipropylamine, 1,6-hexanediol, 4-heptylamine, n-
heptylamine, N-methylbenzylamine, octyltrimethylammonium bromide, 2-pentylamine, 
3-pentylamine, trimethylsulfonium iodide (TMSI) and tripentylamine were obtained from 
TCI America (Tokyo, Japan).  
p-Toluensulfonic acid, tris(hydroxymethyl)aminomethane and urea were obtained 
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from Fisher Scientific Company (Fair Lawn, NJ). Hydrochloric acid and sodium 
hydroxide were both of GR grade obtained from EM Science (Gibbstown, NJ).  
Fenarimol, imazalil and oxyphene were obtained from Regis Technologies Inc. 
(Morton Grove, IL). Alprenolol hydrochloride, 6-amino-n-hexanoic acid, atenolol, 
bupivacaine hydrochloride, bupropion hydrochloride, chlophedianol hydrochloride, 
chloroquine sulfate salt, chlorpheniramine maleate salt, n-decylamine 95 %, glutamic 
acid, ketamine hydrochloride, ketotifen fumarate salt, labetalol hydrochloride, 
methoxyphenamine hydrochloride, metoprolol tartrate salt, miconazole hydrochloride, 
oxprenolol hydrochloride, oxybutynin hydrochloride, piperoxan hydrochloride, 
propafenone hydrochloride, salbutamol, tetrahydrozoline hydrochloride, terbutaline 
hemisulfate salt, terfenadine hydrochloride, tolperisone hydrochloride, trihexyphenidyl 
hydrochloride and tryptophan were obtained from Sigma Chemical Co. (St. Louis, MO).  
 Diltiazem hydrochloride and verapamil hydrochloride were obtained from Research 
Diagnostics Inc. (Flanders, NJ). Fluoxetine hydrochloride was obtained from USP 
(Rockville, MD). Ethyldimethylamine 99 %, dipentylamine 99 % and 
tetrabutylammonium iodide 98 % were obtained from Acros Organics (Pittsburgh, PA). 
Amphetamine and methamphetamine, both solutions of 1 mg / 1 ml of methanol were 
purchased from Cambridge Isotope Laboratories, Inc. (Andover, MA). 
Benzyltripropylammonium chloride 96 % and hexyltrimethylammonium bromide 98 % 
were both purchased from Lancaster (Windham, NH). Butylamine was obtained from 
Matheson Coleman & Bell (Norwood, OH). Hexylamine 99 % was obtained from Fluka  
(Milwaukee, WI) and 3-heptylamine was obtained from Karl Industries (Aurora, OH). N-
ethylbenzylamine was obtained from Citychemical (West Heaven, CT).
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2.7 Background Electrolyte Preparation 
 
For the characterization the residual iodide content of TMSOH a UV-transparent 
background electrolyte (BGE) was used. The BGE was prepared by dissolving 0.100 
moles of TRIS in 500 ml of deionized water and titrating with concentrated HCl to a pH 
of 8.17. The electrode used in the titration was a combination glass electr de and
precision pH/ion meter 150 (both from Corning Science Products, Corning, NY). The 
solution was quantitatively transferred to a 1L volumetric flask, the volume was brought 
to mark with deionized water and the pH was measured. This BGE was used for the 
analysis of iodide left over in the TMSOH solution. Both BGEs and the samples were 
filtered with a 0.45 µm pore nylon filter before use. 
 
2.8 Preparation of HPLC Mobile Phases 
 
The mobile phases were prepared by taking calculated volumes of TMSOH 
solution, water and MeOH using serologic pipettes and Fisherbrand pipettes and added to 
a 250 ml graduated cylinder. 100 ml of mobile phase were prepared at a time. After 
addition of all components, the final volume was measured and corrections for methanol 
and water percentages in the mobile phase were done. The mobile phases were degassed 
and filtered using a 0.45 µm, 25 mm diameter PTFE filter prior to use. 
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2.9 Ion-Exchange Procedure 
 
The resin was pretreated by rinsing with water to remove traces of contaminants 
before it was used for the first time. The resin was added into a deep container, water was 
added, the resin was mixed, and water was decanted. This procedure was repeated until 
the rinse water remained clear after mixing the resin. After this, the resin was placed 
inside the column. The column was then rinsed with a 5-fold molar excess of sodium 
hydroxide and rinsed with water until the effluent from the column had a neutral pH. The 
resin was then rinsed with a 5-fold molar excess of hydrochloric acid and rinsed with 
water until the effluent from the column had a neutral pH. These two procedures were 
repeated twice to allow the pores of the resin to expand and contract with the different 
ions used. Once the pretreatment was finished, the resin was rins d one more time with 
the solution necessary for the final form of the resin, either sodium hydroxide for the 
hydroxide form of the anion exchange resin or hydrochloric acid for the protonated form 
of the cation exchange resin. The resin was washed with wat r until the effluent of the 
column was neutral before the sample was added. All ion exchange experiments were 
carried out using a mesh on top of the resin bed to prevent its disruption and to have a 
higher column efficiency. Once the sample was added, the resin was washed with 
distilled water until the effluent from the column was neutral. At this point effluent 
collection was stopped. The effluent was collected in plastic bottles and capped for 
storage. The effluent was then concentrated using a rotavapor until the final volume was 
approximately 2 L. The concentration of the solution was then determined by titration 
using standard solutions of either phthalic acid or Tris (tris-(hydroxymethyl)-
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aminomethane). The next step was to analyze the solution for any iodide left in the 
TMSOH solution. If the concentration of iodide was lower than 0.1%, the solution was 
ready for use. If the concentration was higher than 0.1 %, the ion exchange process had to 
be repeated until the level of impurities decreased to th  d sired value. 
 
2.10 Preparation of Standards for Calibration Curve
 
 Three stock solutions for each analyte were prepared at concentrations of 0.1 M. 
The standards were prepared by dissolving 0.100 moles of the analyte in 100 ml of 
methanol. Dilutions necessary were prepared from the stock solutions. All samples were 
filtered with a 0.45 ìm  pore nylon filter before use. 
 
2.11 Capillary Electrophoresis Measurements 
 
The electrophoretic mobilities of some of the drugs studied were determined 
using CE. The BGE used in these experiments was the HPLC mobile phase containing 
500 mM TMSOH, 5.1 % MeOH and 94.9 % H2O. The effective mobilities were 
determined using pressure mediated capillary electrophoresis (PreMCE) [130]. In this 
method, the sample was injected and transferred into the capillary. Then a neutral marker 
was injected and transferred into the capillary, then another neutral marker plug was 
injected and transferred for the same amount of time as the other plugs. Potential was 
then applied for a short period of time. Another plug of neutral marker was injected and 
all bands were pushed out of the capillary to pass the detector window. Transfer times 
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and electrophoresis times were short to keep all plugs inside the capillary. The observed 
mobility of the analyte was determined from the change of the distance between the 
analyte and the neutral marker bands, before and after electrophoresis. The effective 
mobilities of the analytes (ìeff) were obtained by subtracting the neutral marker mobility 
(ìeo) from the observed mobility (ìobs), ìeff = ìobs - ìeo [130]. A typical PreMCE 
measurement is shown in Figure 2. 
TMSOH solution was analyzed by capillary electrophoresis for its trace iodide 
concentration using a conventional CE method. The analyte was injected into the 
capillary and potential was applied until the analytes passed through the detection 
window. 
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Figure 2. Three-band PreMCE mobilization profile.  
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CHAPTER III  
 
RESULTS AND DISCUSSION 
 
UV transparent amines can not be detected by a UV detector, the most widely 
used HPLC detector. Alkylamines have to be derivatized for UV absorbance or 
fluorescence detection. Most derivatization processes are time consuming, they often 
react with more than one functional group or the derivatized product is only stable for a 
short period of time and analysis of the samples has to be performed almost immediately. 
An alternative to derivatization of UV transparent nitrogen-co taining species is 
the use of a nitrogen specific HPLC detector such as the CLND. 
In HPLC, the most commonly used columns are silica-based olumns.  However, 
the working pH range of silica columns is limited to 3 to 8 [1], and they are 
hydrothermally stable only up to 50C [1]. Also, when weak bases are analyzed, they 
interact with the free-silanol groups of silica. An alternative to silica-based columns is 
zirconia-based columns. They have a working pH range from 1 to 14 [19-29] and are 
hydrothermally stable up to 200C.  
In this research, a polybutadiene (PBD) polymer-coated zirconia-b sed column 
was used. The pH of the HPLC mobile phase was set to 13.7 using an approximate final 
TMSOH concentration of 500 mM. 
Amines are usually separated using reversed-phase ion-pair HPLC [1, 131-140] at 
a pH lower than the pKa of the amine. The amines are cationic at such pH, and an anionic 
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pairing ion is added to cause adequate retention of the amine on reversed-phase 
stationary phase. In this study, the high pH of the mobile phase insured that the amines  
were in their neutral form and therefore, had adequate retention on a reversed-phase 
stationary phase. 
 
3.1 TMSOH Concentration 
 
Before any analyses were carried out, the optimum concentration of TMSOH was 
determined. One test sample of every analyte series was separated using different 
concentrations of TMSOH in the eluent. The concentrations used were 31.25, 62.5, 125, 
250 and 500 mM TMSOH. The samples tested were tetrapropylammonium chloride, 
tripropylamine, dipropylamine, butylamine, sec-butylamine and 2-amino-3-phenyl-1-
propanol.   
As the TMSOH concentration was increased, the retention of every amine 
decreased except for tripropylamine, for which retention remained relatively constant at 
all different concentrations. This can be explained by considering that as the hydroxide 
concentration decreased, the number of exposed hard Lewis acid sites on the stationary 
phase not interacting with an OH- i creased and the analytes could interact with them 
more. Column efficiency (number of plates) decreased as the TMSOH concentration 
decreased. In the case of 2-amino-3-phenyl-1-propanol, the analyte could not be eluted 
with the two lowest TMSOH concentratio s due to its very strong interactions with the 
stationary phase.  
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Table 1 shows the columns efficiencies (number of plates) found for the samples 
tested. The k’ values were 0.58 for tetrapropylammonium chloride, 0.82 for 
tripropylamine, 1.04 for dipropylamine, 0.38 for butylamine, 0.48 for sec-butylamine and 
2.58 for 2-amino-3-phenyl-1-propanol. 
 
Table 1. Column efficiency vs. concentration of TMSOH. 
    Column efficiency (number of theoretical plates) 
 31.25 mM 62.5 mM 125 mM 250 mM 500 mM 
Tetrapropylammonium 
chloride 7100 7800 8000 10000 12000 
Tripropylamine 7000 7000 9600 13000 15500 
Dipropylamine 7000 7300 7500 10700 14500 
Butylamine -----   300   300    500    650 
Sec-butylamine ----- 1000 1000  1400  1900 
2-amino-3-phenyl-1-
propanol ----- -----   14     20     25 
 
The results indicated that the best results could be expected with the highest TMSOH 
concentrations. Therefore all further measurements were made at 500 mM TMSOH 
additive concentrations. 
   
3.2 Analysis of Quaternary Amines 
 
The first quaternary amines used were n-alkyltrimethylammonium ions. Figure 3 
shows the RP-HPLC separation of n-hexyltrimethylammonium cation n-
octyltrimethylammonium cation, and n-decyltrimethylammonium cation with a mobile 
phase containing 500 mM TMSOH, 36.5 % methanol and 63.5 % water. The analytes 
were weakly retained by the stationary phase, because the solubility of the cations in the 
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mobile phase was very high. Figure 4 shows the relationship between the log k’ of the n-
alkyltrimethylammonium cations and their carbon number, Cn. This plot is linear, as 
expected in reversed-phase HPLC when retention is governed by hydrophobic 
interactions [141-143]. 
UV transparent symmetric tetralkylammonium cations were also analyzed to see 
if their retention behavior would be the same as that of the non-symmetric UV 
transparent quaternary ammonium cations. 
Figure 5 shows the chromatogram of tetra-n-butylammonium cation, tetra-n-
pentylammonium cation, tetra-n-hexylammonium cation and tetra-n-heptylammonium 
cation, with a mobile phase of 500 mM TMSOH, 46.9 % methanol and 53.1 % water, at a 
temperature of 57.5C. A linear relationship was observed between the log k’ and the 
carbon number, as can be seen in Figure 6. Only cations with long alkyl chains were used 
because the ones with shorter alkyl chains had too small a retention for the accurate 
determination of the k’ values. 
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Figure 3. Chromatogram of n-alkyltrimethylammonium cations. Peak 1:n-hexyltrimethylammonium cation, 
peak 2:n-octyltrimethylammonium cation, peak 3:n-decyltrimethylammonium cation. Mobile phase:500 
mM TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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Figure 4. Plot of log k’ vs. Cn for n-alkyltrimethylammonium cations. P i t 1:n-hexyltrimethylammonium 
cation, point 2:n-octyltrimethylammonium cation, point 3:n-decyltrimethylammonium cation, point 4:n-
dodecyltrimethylammonium cation. Conditions same as in Figure 2. 
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Figure 5. Chromatogram of tetraalkylammonium cations. Peak 1:tetra-n-butylammonium cation, peak 2: 
tetra-n-pentylammonium cation, peak 3:tetra-n-hexylammonium cation. Mobile phase used:500 mM 
TMSOH, 46.9 % : 53.1 % water. T= 57.5C.  
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Figure 6. Plot of log k’ vs. Cn for tetraalkylammonium cations. Point 1:tetrabutylammonium cation, point 
2:tetrapentylammonium cation, point 3:tetrahexylammonium cation, point 4:tetraheptylammonium cation. 
Conditions same as in Figure 4.  
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After these UV transparent quaternary amines were separated, UV absorbing 
quaternary amines such as benzyltrialkylammonium cations, were analyzed to find out if 
they gave similar results.  
Figure 7 shows the chromatogram where benzyltrimethyl-, benzyltriethyl-, 
benzyltripropyl- and benzyltributylammonium cations are separated. The retention of 
these analytes is a little higher than the retention of the corresponding 
tetraalkylammonium cations. The peak shape observed for all of them was symmetric. 
The log k’ vs. Cn relationship shown in Figure 8 is not linear. The aromatic group 
of the molecule is large enough to interact wi h the stationary phase, however, in the case 
of the benzyltrimethyl-, benzyltriethyl- and benzyltripropylammonium cations, the alkyl 
groups are so short that they may not be able to interact with the stationary phase at the 
same time that the aromatic ring does, therefore leading to weaker than expected 
hydrophobic interactions with the stationary phase. 
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Figure 7. Chromatogram of benzyltrialkylammonium cations. Peak 1:benzyltrimethylammonium cation, 
peak 2:benzyltriethylammonium cation, peak 3:benzyltripropylammonium cation, peak 4: 
benzyltributylammonium cation. Mobile phase:500 mM TMSOH, 5.1 % methanol and 94.9 % water. 
T=50.5C.  
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Figure 8. Plot of log k’ vs. Cn for benzyltrialkylammonium cations. Point 1:benzyltrimethylammonium 
cation, point 2:benzyltriethylammonium cation, point 3:benzyltripropylammonium cation, point 4: 
benzyltributylammonium cation. Conditions used are the same as in Figure 6. 
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3.3 Analysis of Tertiary Amines 
 
After the quaternary amines, some tertiary amines were analyzed. 
Dimethylethylamine, dimethylbutylamine and dimethylhexylamine were analyzed using 
a mobile phase containing 500 mM TMSOH, 2 % MeOH and 98 % water.  The 
chromatogram for their separation is shown in Figure 9. All three amines were weakly 
retained and the peak shape observed for all of them was symmetric. A linear relationship 
was observed between th  log k’ and their carbon number (Figure 10). The analytes can 
indeed be separated as neutral compounds and the system used behaves as a reversed-
phase HPLC system as expected. 
After looking at the dimethylalkylamines, there was interest in analyzing 
symmetric UV transparent tertiary amines to see if they would have similar interactions 
with the stationary phase. Figure 11 shows the chromatogram for the separation of tri-n-
propylamine, tri-n-butylamine and tri-n-pentylamine using a 500 mM TMSOH, 57.3 % 
methanol and 42.7 % water mobile phase at 60C. The retention of the analytes is higher 
than for quaternary ammonium cations of similar carbon number, as expected, due to the 
absence of the positive charge. Figure 12 shows the linearity of the plot of log k’ vs. Cn 
for the same analytes. 
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Figure 9. Chromatogram of dimethylalkylamines. Peak 1:dimethylethylamine, peak 2:dimethylbutylamine, 
peak 3:dimethylhexylamine. Mobile phase:500mM TMSOH, 2 % methanol : 98 % water. T=50.5C.  
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Figure 10. Plot of log k’ vs. Cn for dimethylalkylamines. Point 1:dimethylethylamine, point 2: 
dimethylpropylamine, point 3:dimethylbutylamine. Conditions same as in Figure 9. 
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Figure 11. Chromatogram of trialkylamines. Peak 1:tripropylamine, peak 2:tributylamine. Mobile 
phase:500 mM TMSOH, 57.3 % methanol : 42.7 % water. T=60.0C.  
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Figure 12. Plot of log k’ vs. Cn for trialkylamines. Point 1:tripropylamine, point 2:tributylamine, point 3: 
tripentylamine. Conditions same as in Figure 11. 
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3.4 Analysis of Secondary Amines 
 
In the same way as quaternary and tertiary amines were analyzed, secondary 
amines were also studied. First, secondary amines containing an aromatic group were 
analyzed. N-methylbenzylamine, N- thylbenzylamine and N-butylbenzylamine were 
separated using a mobile phase containing 500 mM TMSOH, 5.1 % methanol and 94.9 % 
water. The temperature used was 51C.  Not all the peaks observed in the chromatogram 
(Figure 13) were symmetric. N-methylbenzylamine and N-ethylbenzylamine show a 
small tail, while N-butylbenzylamine does not. The tail could be caused by the short alkyl 
chain of N-methyl and N-ethylbenzylamine that can not hinder the interaction of the NH 
group with the exposed Lewis acid sites of the zirconia-based stationary phase, while N-
butylbenzylamine has a longer alkyl chain and might be able to disrupt these interactions.  
UV transparent symmetric secondary amines were also tested. Di-n-propylamine, 
di-n-butylamine and di-n-pentylamine were separated using a mobile phase with 500 mM 
TMSOH, 5.1 % methanol and 94.9 % water. The temperature used in these experiments 
was 51C. As can be seen from the chromatogram in Figure 14, all peaks were 
symmetric. These analytes were highly retained on the stationary phase and their linear 
log k’ vs. carbon number relationship is shown in Figure 15, indicating that the 
interactions between the analytes and the stationary phase are mainly hydrophobic. 
Di-n-methylamine and di-n-ethylamine were also tested. Figure 16 shows the 
chromatogram indicating that di-n-e hylamine had a smaller retention than di- -
methylamine. Also, the later showed a tailed peak while the former showed a symmetric 
peak. The reason for these could be that the alkyl groups in di-n-methylamine are so 
 41
small that the secondary amine can interact more freely with the exposed Lewis acid sites 
of the stationary phase. In the case of the di-n-ethylamine however, the ethyl groups are 
large enough to interrupt the interaction betwee  th  secondary amino group and the 
Lewis acid sites of the stationary phase, thus the retention is lower and the peak shape is 
symmetric.   
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Figure 13. Chromatogram of N-alkylbenzylamines. Peak 1:N-methylbenzylamine, peak 1:N-
ethylbenzylamine, peak 3:N-butylbenzylamine. Mobile phase:500 mM TMSOH, 5.1 % methanol : 94.9 % 
water. T=51C.  
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Figure 14. Chromatogram of di-n-alkylamines. Peak 1:di-n-propylamine, peak 2:di-n-butylamine. Mobile 
phase:500 mM TMSOH, 5.1 % methanol : 94.9 % water. T=51C.  
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Figure 15. Plot of log k’ vs. Cn for di-n-alkylamines. Peak 1:di-n-propylamine, peak 2:di-n-butylamine, 
peak 3:di-n-pentylamine. Conditions same as in Figure 14. 
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Figure 16. Chromatogram of diethylamine (peak 1) and dimethylamine (peak 2). Conditions same as in 
Figure 15. 
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3.5 Analysis of Primary Amines 
 
The last type of amino group to study was the primary amino group. Figure 17 
shows a chromatogram for the separation of n-butylamine, n-hexylamine and n-
octylamine. The mobile phase used in that experiment contained 500 mM TMSOH, 36.5 
% methanol and 63.5 % water. The peaks tail strongly compared to the previous samples 
analyzed. Though the zirconia particles are covered with a polybutadiene polymer, the 
polymer may have some open patches where the zirconia surface is exposed. These 
exposed Lewis acid sites could easily interact with the hard Lewis base amino group at 
the end of the alkyl chain.  
To test this hypothesis, compounds containing the primary amino group in the 
middle of the alkyl chain have been analyzed. Figure 18 shows the chromatograms of n-
pentylamine, 2-aminopentane and 3-aminopentane. All analytes were run separately 
using mobile phases with different methanol concentrations in order to adjust their k’ to 
similar values to permit comparison of their peak widths. The longest peak tail was 
observed for n-pentylamine, with a peak asymmetr  (As) of 6.6, followed by 2-
aminopentane (As = 3.1) and then 3-aminopentane (As = 2.13). The plate number found 
for n-pentylamine was 1100, for 2-aminopentane it was 4000 and for 3-aminopentane it 
was 6800 indicating that as the amino group was moved into the mi dle of the alkyl 
chain, the interactions of the amino group with the Lewis acid sites of the zirconia-based 
stationary phase may have been diminished due to steric hindrance. However, the As 
values shows that there is still some interaction between the analyte and the stationary 
pahse since the As values found for all of them are higher than 1.5. 
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Figure 17. Chromatogram of n-alkylamines. Peak 1:n-butylamine, peak 2:n-hexylamine, peak 3:n-
octylamine. Mobile phase:500 mM TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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Figure 18.  Chromatograms of isomers of pentylamine. Peak 1:n-p ntyl mine, mobile phase:500 mM 
TMSOH, 36.5 % methanol : 63.5 % water. Peak 2:2-aminopentane,  mobile phase:500 mM TMSOH, 6.9 % 
methanol:94.1 % water. Peak 3:3- minopentane. Mobile phase:500 mM TMSOH, 2 % methanol : 98 % 
water. T=50.5C.  
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To further corroborate this hypothesis, isomers of heptylamine were also analyzed. 
Chromatograms of n-heptylamine, 2-aminoheptane, 3-aminoheptane and 4-aminoheptane 
are shown in Figure 19. The same trend was observed as for the isomers of pentylamine. 
The peak tail is the longest for n-heptylamine (As = 6.6), followed by 2-aminoheptane (As
= 3.625). The plate number for n-heptylamine was 2500, while the plate number for 2-
aminoheptane was 6600. The peak shape for 3-aminoheptane (As = 1.875) also shows a 
drastic improvement, corroborated by the respective plate number of 11500. However, 
there is not much improvement between the 3- and the 4-aminoheptane (As = 1.625) as 
the peak tail for both of them is almost identical. The plate number for 4-aminoh ptane is 
12000 indicating a peak shape improvement of only about 5 % with respect to the 3-
aminoheptane. 
If these values obtained for peak asymmetry are compared to the values obtained 
for n-pentylamine, both n-pe tyl and n-heptylamine have the same values for peak 
asymmetry. However, for the isomers of pentylamine the lowest value of As found was 
2.13, for 3-pentylamine. For the isomers of heptylamine, a value of 1.625 is obtained for 
4-heptylamine, which corroborates the prediction that the alkyl chain hinders the 
interaction between the amino group and the Lewis acid sites exposed on the PBD-
zirconia column. 
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Figure 19. Chromatograms of isomers of heptylamine. Peak 1:n-heptylamine, mobile phase:500 mM 
TMSOH, 36.5 % methanol : 63.5 % water. Peak 2:2-aminoheptane,  mobile phase:500 mM TMSOH, 28 % 
methanol : 72 % water. P ak 3:3-aminoheptane, mobile phase:500 mM TMSOH, 25 % methanol : 75 % 
water. Peak 4:4-aminoheptane, mobile phase:500 mM TMSOH, 25.5 % methanol, 74.5 % water. T=50.5C.  
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3.6 Analysis of Amines That Contain an Alcohol Group  
 
After the simple amines were analyzed, it was important to look at the analysis of 
compounds containing both an alcohol group and an amino group.  
First, norephedrine (2-amino-1-phenyl-1-propanol) and 2-amino-3-phenyl-1-
propanol shown in Figure 20 were analyzed. 
 
 
OH
NH2 NH2
OH
norephedrine 2-amino-3-phenyl-1-propanol 
Figure 20. Structures of norephedrine and 2-ami o-3-phenyl-1-propanol. 
 
Figure 21 shows the chromatograms of norephedrine and 2-amino-3-phenyl-1-
propanol, both analytes show a long tail. Then, amphetamine was analyzed and its 
chromatogram was compared to that of norephedrine. Figure 22 shows the structure of 
amphetamine. Figure 23 shows the chromatograms of norephedrine and amphetamine, 
amphetamine shows a symmetric peak. After this, ephedrine and methamphetamine were 
analyzed, their structures are shown in Figure 24, their chromatograms in Figure 25. 
The last sample analyzed was N-methylephedrine. Its structure is shown in Figure 
26. Figure 27 shows chromatograms for all three, norephedrine, ephedrine and N- 
 
 51
methylephedrine. Norephedrine showed the longes  tai , followed by ephedrine. N-
methylephedrine showed a symmetric peak. 
The peak tailing observed for norephedrine and 2-amino-3-phenyl-1-propanol 
could be caused by interactions between the amino group and the hard Lewis acid sites 
on the zirconia surface. However, both amino groups are somewhat hindered (2-amino 
groups) and tailing is worse than what was observed for 2-amino alkanes. (see section 
3.4) or amphetamine (2-amino-3-phenyl-propane) as shown in Figure 22.   
As can be seen from Figure 21, 2-amino-3-phenyl-1-propanol has a much longer 
tail than norephedrine. Both compounds have their amino groups somewhat hindered. 
However, amphetamine also has its amino group hindered to the same extent, or even 
less, yet it does not show a peak tail. 
Since an alcohol group is also present in norephedrine and 2-amino-3-phenyl-1-
propanol, it is possible that it also interacts with the Lewis acid sites of the zirconia 
surface, just as the primary amino group does, because the alcohol group is also a hard 
Lewis base. 
The alcohol group is hindered in norephedrine, but not in 2-ami -3-phenyl-1-
propanol. In fact, the alcohol group in the later is much more accessible for interaction 
with Lewis acid sites. It can be hypothesized that both the amino and the alcohol groups 
interact at the same time with the exposed hard Lewis acid sites of the zirconia surface 
forming a bridge. The reason why such a severe tail is observed for 2-amino-3-phenyl-1-
propanol is because there is a small number of sites available located at appropri   
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Figure 21. Chromatograms of norephedrine (peak 1) and 2- mino-3-phenyl-1-propanol (peak 2). Mobile 
phase:500 mM TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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distances from each other for simultaneous interactions, slowing only some molecules in 
the band down while the rest of the molecules are moved by the mobile phase. 
2-Amino-3-phenyl-1-propanol has a higher possibility of finding two exposed 
Lewis acid sites than norephedrine, therefore it has a longer tail. 
To further test this hypothesis, amphetamine was also analyzed.  
                
                          
NH2
 
Figure 22. Structure of amphetamine. 
 
Amphetamine has the same structure as norephedrine with the exception that it
does not have an alcohol group in its structure. Amphetamine therefore can only have a 
one-site interaction with the Lewis acid sites of the stationary phase and since the primary 
amino group is hindered, the peak tail should be small, as it is shown in Figure 23. The 
plate number observed for norephedrine was 1000, while the plate number observed for 
amphetamine was 9000.  
 In order to explain the observed tailing behavior in greater detail, norephedrine 
was analyzed using capillary electrophoresis. Te background electrolyte used was the 
HPLC mobile phase that contained 500 mM TMSOH, 5.1 % methanol and 94.9 % water. 
This was done to find out whether the alcohol group present in the analyte was  
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Figure 23. Chromatograms of norephedrine and amphetamine. Peak 1:norephedrine, mobile phase:500 mM 
TMSOH, 2 % methanol : 98 % water. Peak 2:amphetamine,  mobile phase:500 mM TMSOH, 25.5 % 
methanol : 74.5 % water. T=50.5C.  
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dissociated under the conditions the HPLC separations were run. The results obtained 
indicate that norephedrine had an effective mobility of –2.26 X 10-5 cm2/Vs. The anionic 
mobility means that the OH group had to be dissociated. This corroborates the p ediction 
introduced earlier about the bridging interactions of the analyte through both its amino 
and alkoxide functional groups and the Lewis acid sites of the zirconia surface. 
Ephedrine was also analyzed and its retention behavior was compared to that of 
methamphetamine. Ephedrine and methamphetamine have the same structure except for 
the absence of the alcohol group in methamphetamine, Figure 24. In Figure 25, both 
analytes have the same retention, yet ephedrine tails more than methamphetamine. 
 
                  
N
H
OH
N
H
ephedrine methamphetamine 
 
Figure 24. Structures of ephedrine and methamphetamine. 
 
These two structures have a secondary amino group, which does not cause as big 
a peak tail as primary amines do. Ephedrine shows a tail, albeit small, because the ethyl 
group present on the amino group disrupts some of the bridge formation, depending on 
the orientation of the amino group with respect to the stationary phase. 
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Figure 25. Chromatograms of ephedrine and methamphetamine. Peak 1:ephedrine, mobile phase:500 mM 
TMSOH, 5.1 % methanol : 94.9 % water. Peak 2:methamphetamine, mobile phase:500 mM TMSOH, 25.5 
% methanol : 74.5 % water. T=50.5C.  
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Therefore, the peak tail of ephedrine should be smaller than that of norephedrine, as 
bridge formation is less favored.  In the case of methamphetamine, there is no alcohol 
group present, therefore no bridge formation can occur. The plate number observed for 
ephedrine was 5500, the plate number observed for methamphetamine was 17000. 
Capillary electrophoresis was also used to determine if the OH group in ephedrine 
was dissociated or not under the conditions of the reversed-phase HPLC separation. 
Again, the HPLC mobile phase was used as the background electrolyte in capillary 
electrophoresis. It was found that ephedrine had an effective mobility of –1.91 X 10-5 
cm2/Vs, indicating the presence of a negatively charged alkoxide group and offering the 
possibility of interaction with the Lewis acid sites of zirconia.
In the last experiment, the peak shape of N-methylephedrine (structure shown in 
Figure 26) was compared with that of the primary and secondary amine analogs, 
norephedrine and ephedrine, respectively.  
 
 
                         
OH
N
 
 
Figure 26. Structure of N-methylephedrine. 
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Figure 27 shows chromatograms comparing the peak shapes of norephedrine, 
ephedrine and N-methylephedrine. All analytes have the same structure with the 
exception of the amino group, which changes from primary through secondary to tertiary, 
respectively. The primary amino group leads to the longest tail followed by the secondary 
and then the tertiary amino group. 
Capillary electrophoresis was also used to determine whether the OH group in N-
methylephedrine was dissociated or not under the conditions of the HPLC separation. N-
methylephedrine had an effective mobility of –1.84 X 10-5 cm2/Vs, corroborating the 
presence of a negatively charged alkoxide group. Yet the peak shape observed was 
symmetric and the plate number found for the analyte was 15000.  This is because the 
peak tail is aggravated only when a bridge is formed. 
 
3.7 Analysis of Pharmaceuticals 
 
After studying the retention and peak shape of amines, some common drugs and their 
intermediates were separated. The analytes have been divid d into groups according to 
similarities in their structures. Figure 28 shows the group of analytes that contain only 
amino groups in their structures. 
 
 
 
 
 
 59
 
 
 
 
 
Urea
3
2
1
0 1 2 3 4 5 6 7 8
Time / min
-1000
-500
0
500
1000
1500
2000
C
LN
D
 S
ig
n
a
l 
/ 
m
V
 
 
 
 
 
 
 
Figure 27. Chromatograms of norephedrine, ephedrine and N-methylephedrine.  Peak 1:norephedrine, peak 
2:ephedrine, peak 3:N-methylephedrine. Mobile phase:500 mM TMSOH, 5 % methanol : 95 % water. 
T=50.5C.  
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Figure 28. Structures of analytes containing only amino groups. 
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Figure 29 shows a group of analytes with structures containing ether groups as w ll as 
secondary or tertiary amine groups. 
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Figure 29. Structures of analytes containing ether groups and secondary or tertiary amino groups. 
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Figure 30 shows a group of analytes with structures containing a carbonyl group 
and a secondary amine group or tertiary amine group. 
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Figure 30. Structures of analytes containing a carbonyl group and secondary or tertiary amino groups. 
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Figure 31 shows a group of analytes with structures containing an alcohol group
on a tertiary carbon and a tertiary amino group. 
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Figure 31. Structures of analytes containing an alcohol group on a tertiary carbon and a tertiary amino 
group. 
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Finally, the structures of analytes containing an alcohol group n a secondary 
carbon and a secondary amino group are shown in Figure 32. 
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Figure 32. Structures of analytes containing an alcohol group on a secondary carbon and a secondary amino 
group. 
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The first number assigned to the structures corresponds to the number of the 
figure they are in. The chromatograms for the separation of the drugs are shown in 
figures 33 to 39.  
The first group of amines analyzed contained primary and secondary amine 
groups (Figure 28). Their chromatograms are shown in Figures 33 - 36. In this figure, 
1,2,3,4-tetrahydro-naphthylamine has been assigned as number one for having the 
primary amine group attached to the tetrahydronaphthyl group, which is the simplest 
primary amine group. 1-naphthyl-1-ethylamine has the primary amine group at the 
second carbon atom of a chain group increasing its hindrance. Number 3 is 4-
chloramphetamine, which has one more carbon in the alkyl chain than the previous one, 
and the primary amine group is less exposed than in the previous analyte. Chloroquine, 
number 4, has a secondary amine that is less exposed than tetrahydrozoline, number 5. 
The last compound in this series is chlorpheniramine, number 6, which has a tertiary 
amine group. Some of them, such as 4-c loramphetamine ad 1-naphthyl-1-ethylamine, 
showed small peak tails. The tail is small because the primary amino groups were 
hindered.  
The next group of drugs contain ether groups and secondary or tertiary amino 
groups (Figure 29). Methoxyphenamine is the simplest compound containing a secondary 
amine group therefore it has been assigned number 1. Fluoxetine has the same structure 
as the previous one, but with the addition of a phenyl ring, number 2. Verapamil has a 
tertiary amine group with a methyl group in it, number 3. Piperoxan has a tertiary amine 
group that is part of a ring, number 4. Imazalil and miconazole have both nitrogen atoms  
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Figure 33. Chromatogram of analytes containing primary amino groups. Peak 28-1:1,2,3,4-t trahydro-
naphthylamine, peak 28-3:4-chloramphetamine, peak 28-2:1-naphthyl-1-ethylamine. Mobile phase:500 
mM TMSOH, 15.4 % methanol : 84.6 % water. T=50.5C.  
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Figure 34. Chromatogram of common drugs containing secondary amino groups. Peak 28-
5:tetrahydrozoline, peak 29-1:methoxyphenamine. Mobile phase:500 mM TMSOH, 15.4 % methanol : 84.6 
% water. T=50.5C  
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Figure 35. Chromatogram of common drugs containing tertiary amino groups. Peak 31-5:fenarimol, peak 
30-4: diltiazem, peak 28-4:chloroquine, peak 29-5:imazalil, peak 30-3:tolperisone. Mobile phase:500 mM 
TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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Figure 36. Chromatogram of pharmaceuticals containing tertiary amino groups. Peak 30-5:ketotifen, peak 
28-6: chlorpheniramine, peak 30-6:bupivacaine, peak 31-1:chlophedianol, peak 29-3:verapamil, peak 29-
4:piperoxan. Mobile phase:500 mM TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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in aromatic rings, imazalil is number 5, and miconazole has a phenyl group extra than 
imazalil, number 6. Their chromatograms are shown in Figures 34 – 37 and 39. All 
analytes showed symmetric peaks indicating that bridge formation was not possible. 
Methoxyphenamine has the lowest retention, fluoxetine has the strongest retention.  
The analytes in the next group contained a carbonyl group and a secondary or 
tertiary amino group (Figure 30). Ketamine has a methyl group attached to the amine 
group, therefore it has been assigned number 1. Bupropion has a tert-butyl group attached 
to the amino group, number 2. Tolperisone has a tertiary amino group, number 3. All of 
them had symmetric peaks as can be seen in Figures 35, 36, 38 and 39. Even though 
some of the analytes contained a secondary amino group that can interact with the Lewis 
acid site present in the stationary phase, the additional carbonyl group did not lead to 
bridging interactions and all peaks were symmetric.   
When the analytes shown in Figure 31 were analyzed, they all had symmetric 
peaks (Figures 35 – 37), even though all had an OH group and a tertiary amino group. 
Chlophedianol has a tertiary amino group with two methyl groups on the amino group 
and an alcohol group, number 1. Oxyphene has an extra methyl group and a CH2 in 
between the alcohol group and the phenyl group, number 2. N mber 3, trihexyphenidyl, 
has a tertiary amine group that is part of a ring. Terfenadine, number 4, has one alcohol 
group on a tertiary carbon and another one on a secondary carbon. Finally, number 5 is 
fenarimol, with an alcohol group and two nitrogen a oms in an aromatic ring. 
The OH- group containing samples were also analyzed by capillary 
electrophoresis using the mobile phase with which the chromatograms were obtained as  
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Figure 37. Chromatogram of common drugs containing tertiary amino groups. Peak 31-2:oxyphene, peak 
29-6: miconazole, peak 31-4:terfenadine, peak 31-3:trihexyphenidyl. Mobile phase:500 mM TMSOH, 57.3 
% methanol : 42.7 % water. T=55.0C.  
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Figure 38. Chromatogram of common drugs containing secondary amino groups. Peak 32-1:halostachine, 
peak 32-7:pindolol, peak 32-6:metoprolol, peak 32-5:oxprenolol, peak 30-1:ketamine. Mobile phase:500 
mM TMSOH, 15.4 % methanol : 84.6 % water. T=50.5C.  
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Figure 39. Chromatogram of common drugs containing secondary amino groups. Peak 32-3:alprenolol, 
peak 32-4: propranolol, peak 30-2:bupropion, peak 32-2:propafenone, peak 29-2:fluoxetine. Mobile 
phase:500 mM TMSOH, 36.5 % methanol : 63.5 % water. T=50.5C.  
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the background electrolyte. Most of the analytes were negatively charged. The mobilities 
found were –1.21 X 10-5 cm2/Vs for chlophedianol, -4.26 X 10-5 cm2/Vs for fenarimol 
and -3.02 X 10-5 cm2/Vs for oxyphene. For trihexyphenidyl a d terfenadine, the mobility 
values found were so small that they could not be determined accurately. Therefore, it 
was assumed that both compounds were neutral when analyzed by CE and HPLC. Since 
the analytes had a tertiary amino group, they could not interact strongly with the Lewis 
acid sites in the stationary phase, despite the presence of the possibly dissociated OH 
group. 
The last group of analytes containing both an OH group on a secondary carbon 
and a secondary amino group (Figure 32) gave different results. All the compounds in 
this group have both an alcohol group and an amino group separated by a CH2 g oup.
Halostachine has a methyl group attached to the amino group, number 1. Propafenone has 
an n-butyl group attached to the amino group, number 2. The rest of the structures have 
an isopropyl group attached to the amino group. Number 3, alprenolol additionally has an 
allyl phenyl ether group, number 4, propranolol a naphthyl group. Oxprenolol is number 
5 and has two ether groups close to each other, number 6 is metoprolol with two ether 
groups far from each other. Finally, pindolol, with another amino group, is number 7. 
Though there was a possibility of forming a bridge interaction with their Lewis base 
groups and the Lewis acid sites present in the stationary phase, most of them had 
symmetric peaks (Figures 38 and 39), except propafenone that showed a long tail and 
halostachine that showed a small tail. 
All these drugs were analyzed by capillary electrophoresis to find out whether the 
OH groups in their structure were ionized or not under the HPLC separation conditions. 
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The mobile phase used to obtain the chromatograms was used as the background 
electrolyte in capillary electrophoresis. The results showed that all the analytes had an 
anionic effective mobility, i.e., a negative charge. However, only propafenone and 
halostachine showed a tail. Propafenone had a mobility of –2.91 X 10-5 cm2/Vs and 
halostachine had a mobility of –1.85 X 10-5 cm2/Vs. As for the other amines, the 
mobilities found were –1.00 X 10-5 cm2/Vs for propranolol, -2.19 X 10-5 cm2/Vs for 
alprenolol, - 1.19 X 10-5 cm2/Vs for metoprolol, -1.25 X 10-5 cm2/Vs for oxprenolol and –
1.00 X 10-5 cm2/Vs for pindolol.  
Propafenone and halostachine possibly showed a tail because the alkyl group 
present in the amino group is an n-butyl and a methyl group, respectively that allowed the 
amino groups to interact with the stationary phase and form the bridge interaction with 
both OH group and amino group. The rest of the analytes have isopropyl groups n the 
NH group that hinder the bridge formation with between the Lewis bases present in the 
structure and the Lewis acid sites present in the stationary phase.  
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3.8 Analysis of Amino Acids and Amino Phenols 
 
In the 500 mM TMSOH eluents, both the carboxylic and the amino groups of 
amino acids were deprotonated. Because of this, their solubility in the mobile phase was 
high and their retention was weak. 
For this analysis, it was thought to use amino acids that would have higher 
hydrophobicity and therefore higher retention on the stationary phase. The amino acids 
tested were tryptophan, phenylalanine, proline, leucine, isoleucine and tyrosine.  Figure 
40 shows the chromatograms of the amino acids, the mobile phase used was 500 mM 
TMSOH, 5.1 % methanol and 94.9 % water. 
As can be seen from their chromatograms, all amino acids tested had a very small 
interaction with the stationary phase, phenylalanine eluted with the urea while the other 
samples eluted before urea. 
The amino phenols analyzed were salbutamol, synephrine, methanephrine, 
metaproterenol and labetalol, their structures are shown in Figure 41. Figure 42 shows 
chromatograms of the analytes when analyzed with a 500 mM TMSOH, 5.1 % methanol, 
94.9 % water mobile phase. As can be seen, salbutamol had he highest retention of all 
amino phenols tested, which eluted with urea, all other analytes had a retention smaller 
than urea, because the phenoloc OH groups were fully deprotonated in the 500 mM 
TMSOH solutions. 
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Figure 40. Chromatograms of amino acids. Peak 1:phenylalanine, Peak 2:tryptophan, Peak 3:tyrosine, Peak 
4:proline, Peak 5:leucine, Peak 6:isoleucine. Mobile phase:500 mM TMSOH,  5.1 % methanol : 94.9 % 
water. T=50.5C.  
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Figure 41. Structures of amino phenols. 
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Figure 42. Chromatograms of amino phenols. Peak 1:salbutamol, Peak 2:synephrine, Peak3::metanephrine, 
Peak 4:metaproterenol, Peak 5:labetalol. Mobile phase:500 mM TMSOH, 35.6 % methanol : 63.5 % water. 
T=50.5C.  
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3.9 Universal Calibration Curve of Detection  
 
 The CLND has the unique ability to utilize a single calibration curve for 
quantification of analytes. To corroborate this in the system used, a calibration curve was 
obtained for a typical amine from each of the amine groups studied, both in the FIA (flow 
injection analysis) mode and in the HPLC mode (with the PBD-zirconia column).  
Figure 43 shows the calibration curve of the CLND in the FIS-mode for all the 
analytes tested: tetrapropylammonium cation, tripropylamine, dipropylamine, 2-
butylamine, butylamine and 2- mino-3-phenyl-1-propanol.  
A regression line was obtained for every calibration curve of the separated amine 
samples tested and it was found that all of them had a linear response (r2) of 0.999. 
Linearity was observed over two orders of magnitude from 0.1 nmoles to 10 nmoles. The 
calibration curves have similar slope values (3.92 X 109 with a standard deviation of 0.07 
X 109), which indicates the CLND system provides a universal response that allows for a 
single calibration curve of quantification.   
However, when the zirconia based-column was coupled to the CLND, a different 
calibration curve was obtained (Figure 44). Linearity was observed from 0.5 nmoles to 
100 nmoles for tetrapropylammonium cation and sec-butylamine, from 5 nmoles to 100 
nmoles for tripropylamine, dipropylamine and butylamine and from 34.5 nmoles to 100 
nmoles for 2-amino-3-phenyl-1-propanol. All samples were run in triplicates. 
Tetrapropylammonium cation, tripropylamine, dipropylamine and sec-butyl mine 
have shown similar peak areas for the same number of moles of analytes injected. The r2 
value found for these analytes was 0.999 with a slope of 3.55 X 109, which seems to 
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suggest that the analytes have similar adsorption/desorption characteristics on the PBD-
zirconia column, even for the sec-butylamine that shows a moderate peak tail (Chapter 
3.5). However, butylamine, that shows a pronounced peak tail, showed a slope lower than 
the previous set of amines (3.19 X 109, r2 = 0.999), which would seem to suggest that the 
adsorption/desorption characteristics on the column are different than that of the amines 
just mentioned and some of the analyte is retained on the surface of the stationary phase.
In the case of 2-amino-3-phenyl-1-propanol, the slope of the calibration curve is 2.77 x 
109, r2 = 0.99, a value much lower than found for the other amines, suggesting that a 
bigger amount of the analyte injected is retained on the stationary phase.  
All experiments were done using a mobile phase that gave k’ values in the 
0.45<k’<2.6 range, i.e. a mobile phase with 500 mM TMSOH, 5.1 % methanol and 94.9 
% water, except when using tripropylamine where the mobile phase used was 46.9 % 
methanol and 53.1 % water and gave a k’ of 1.45.  The injection volume used was 1 ìL, 
the temperature 51C.  
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Figure 43. Universal calibration curve of CLND in the FIA-mode. 
 
 83
 
 
 
 
 
ta.PDW
0 20 40 60 100 12080
Amount / nmol
-50
0
50
100
150
200
250
300
350
400
P
e
a
k 
A
re
a
 /
 m
V
*m
in
butylamine
sec-butylamine
2-amino-3-phenyl-1-propanol
tetrapropylammonium cation
tripropylamine
dipropylamine
 
 
 
 
 
 
 
 
 
 
Figure 44. Calibration curve of CLND in the HPLC-mode with the PBD-zirconia column. 
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CHAPTER IV  
 
CONCLUSIONS 
 
 Trimethylsulfonium hydroxide (TMSOH) has been introduced as a new strong 
electrolyte base with volatile combustion products to replace the alkali metal hydroxides 
that when used in the CLND for long periods of time, foul the detector.  
 The present research targeted amines that are mostly analyzed by ion pair 
reversed-phase HPLC. However, ion-pair reversed-phase HPLC is a complicated system 
and it was avoided in this investigation. To do so, the amines had to be analyzed in their 
deprotonated form to increase their interaction with the reversed-p ase stationary phase. 
This could only be accomplished using a mobile phase that had pH much higher than the 
pKa values of the amines. However, the commonly used silica-ba columns are not 
stable at pH higher than 8, therefore an alternative stationary phase had to be found. 
 The alternative to silica-based columns was the zirconia-based columns, which 
are stable up to pH 14. This column was used through out the entire investigation. 
 It was found that 500 mM TMSOH added to the eluent was suitable for the 
analysis of the amines tested. At that concentration, interaction of the amines with bare 
patches of zirconia was low and the plate number was high as shown in Table 1 
(CHAPTER IV). 
UV transparent quaternary amines were analyzed. They showed an overall small 
retention on the stationary phase since they have a positive charge and a high solubility. 
In spite of that, the log k’ vs. carbon number plots indicated that the main interaction 
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between the quaternary amines and the stationary phase was hydrophobic. UV absorbing 
quaternary amines were also analyzed. However, the linearity expected in the log k’ vs. 
carbon number (Cn) plot was not observed. The conclusion drawn from that was that the 
analytes could not fully interact with the hydrophobic stationary phase.  
 Symmetric and non-symmetric tertiary UV transparent amines were also 
analyzed, they showed higher retention than the quaternary amines and it was concluded 
that the main interaction between them and the stationary phase was hydrophobic in 
nature. 
 UV absorbing secondary amines were analyzed. They showed that for the shorter 
alkyl chains, the amino group was able to interact with the Lewis acid sites of the 
stationary phase. This interaction caused a peak tail where the alkyl chain present on the 
amino group was such as a longer butyl group, the analyte could not readily interact with 
the Lewis acid sites of the stationary phase and caused strong peak tailing.  
 The last type of amino group to analyze was the primary amino group. The results 
showed long peak tails for all primary amines tested. This was because the primary 
amino group is a hard Lewis base th t can interact with the exposed hard Lewis acid sites 
on the zirconia-b sed stationary phase. When the amino group was moved from the end 
on the alkyl chain to the middle of the alkyl chain, the peak tail decreased considerably. 
This was because the alkyl backbone hindered the interaction of the amino group with the  
Lewis acid sites present on the zirconia stationary phase. The peak tail decreased the 
most when the amino group was moved to the 3rd or 4th carbon of the alkyl chain. 
 Compounds containing both an alcohol group and an amino group in their 
structure were then analyzed. The results obtained from these studies showed that both 
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groups interact with the exposed Lewis acid sites on the stationary phase to form a bridge 
interaction. This bridge int raction was more pronounced for compounds that contained a 
primary amino group along with the alcohol group. Compounds with secondary amines 
and an alcohol group showed a smaller tail than the previous combination of primary 
amino groups and an alcohol group. This was because in the secondary amino groups, 
there was an extra alkyl chain on the nitrogen atom that could hinder close approach of 
the Lewis acid site. Capillary electrophoretic experiments showed that all of these 
analytes had a negative charge under conditions at which they were run in HPLC, 
therefore the alcohol group were deprotonated. 
In the case of a compound having both an alcohol group and a tertiary amino 
group, peak tail was not observed. This was because a tertiary amine is not a hard Lewis 
base and it can not interact with the Lewis acid site from the stationary phase. From this it 
can be concluded that peak tailing was aggravated when two hard Lewis bases were 
present in a compound that could interact with the Lewis acid sites of the stationary 
phase. 
 After the model amino compounds were tested, some common drugs were 
studied. The results showed similar conclusions. When tertiary amine groups were 
present in the compounds, peaks were symmetric. The samples that contained both a 
tertiary amino group and an alcohol group also showed symmetric peaks. When the 
compounds had a secondary amino group and an alcohol group, peak shape varied. 
Propafenone showed a long tail because the alkyl group present on the amino group was 
an n-butyl group, which allowed some bridge interaction between the analyte and the 
stationary phase. Halostachine showed a tail as well, because the amino group had a 
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methyl group attached to it, allowing bridge interaction. The rest of the compounds have 
an isopropyl group attached to the amino group that inhibits bridge formation and the 
peak shape observed for them was symmetric. Some of the compounds that contained 
only amino groups showed symmetric peaks where the amino group was hindered and 
some of them showed a peak tail where the amino group was somewhat exposed. 
 Some amino acids and amino phenols were also tested. However, no success was 
obtained as these analytes had a very high solubility in the mobile phase and were 
extremely weakly retained on the stationary phase. 
It has been proven that the CLND detector has a universal response having a 
universal calibration curve, as demonstrated by the detection of six different analytes in 
the FIA-mode. However, in the HPLC-mode, the universality is observed for analytes 
that have similar adsorption/desorption rates on the stationary phase such as, quaternary, 
tertiary, secondary and hindered-primary amines that were represented in this 
investigation by tetrapropylammonium cation, tripropylamine, dipropylamine and sec-
butylamine, respectively. However, in the case of exposed primary amines, the 
adsorption/desorption rate from the stationary phase is lower, giving a lower response if 
compared to the previous analytes. This is observed because part of the analyte is 
retained on the stationary phase. A sample test combining both alcohol and amino 
groups, both hard Lewis acid sites, showed the lowest response of all (2-amino-3-pehyl-
1-propanol) indicating that there is a bigger amount of analyte retained on the stationary 
phase. Therefore, in the system the universality of the response is mantained as long as 
the adsorption/desorption rate of different analytes is similar. 
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